The legume genus Zapoteca is separated from the genus Calliandra, i.e., by having pollen arranged in 16-grained polyads (compared to 8-grained polyads in Calliandra) and in chromosome number (13 vs. 8 or 11). As currently circumscribed, Zapoteca contains 22 species and 13 subspecies placed in five subgenera. This study included 20 species and 11 subspecies representing all subgenera. Representative species from the closely related genera Calliandra, Havardia, Pithecellobium and Viguieranthus were also included, as the more distantly related species Senegalia senegal and Vachellia farnesiana. The aims of this study were to test the monophyly of Zapoteca and investigate phylogenetic relationships within the genus. Total DNA was extracted from leaf material and the nuclear ETS and ITS, and plastid trnL-trnF regions were amplified. Additional sequence data were downloaded from GenBank, and the data sets were analyzed using Bayesian inference. Results show that Zapoteca is monophyletic and that the monospecific subgenera (subg. Nervosa and subg. Aculeata) are resolved as separate lineages within the genus, subg. Nervosa (containing Z. nervosa) as sister to all remaining taxa of Zapoteca. Subgenera containing more than one species (subg. Amazonica, subg. Zapoteca and subg. Ravenia) are shown to be nonmonophyletic. Two subspecies of Z. caracasana, subsp. caracasana and subsp. weberbaueri, are found together in a clade. Furthermore, Zapoteca tehuana and Z. portoricensis subsp. portoricensis, Z. formosa subsp. gracilis and Z. formosa subsp. schottii are shown to be monophyletic. However, the other subspecific taxa of Z. formosa and of Z. portoricensis are not supported as monophyletic.
Introduction
The mimosoid genus Zapoteca H.M.Hern. (Fabaceae) mostly comprises erect or scandent shrubs up to 3-4 m tall with the main woody stems 1-2 cm in diameter, although individuals of Z. tetragona (Willd.) H.M.Hern. and Z. portoricensis (Jacq.) H.M.Hern. are reported to have stems up to 20 cm in diameter (Hernández 1989) . Zapoteca is further characterized by stipulate, bipinnate leaves with opposite leaflets that range from 0.5 cm (Z. alinae H.M. Hern. and Z. media (M.Martens & Galeotti) H.M.Hern.) to 22 cm (Z. amazonica (Benth.) H.M. Hern.) in length, the number of leaflets on each leaf being inversely related to leaflet size (Hernández 1989) . The members of Zapoteca have axillary inflorescences with densely assembled flowers, each with ca. 30-60 stamens with long-exserted, white, pink, purple or bicolored filaments. The pods are dry and straight with thickened margins, the valves dehiscing explosively from the apex to the base. The seeds are hard and arranged in one series (Hernández 1989) .
Zapoteca has its highest species diversity in southern Mexico but has a total distribution ranging from southwestern USA to northern Argentina, including the West Indies. They can be found from sea level up to ca. 2850 m altitude (Tropicos.org 2018) . Most species grow in tropical dry forest and disturbed habitats in seasonally dry areas, but some species occur in montane wet forest and lowland rainforest (Hernández 1989) .
Zapoteca was described by Hernández (1986) . He considered the members of Calliandra ser. Laetevirentes Benth. to be morphologically different from all other Handling Editor: Louis P. Ronse De Craene. species of Calliandra Benth. and described Zapoteca to accommodate the approximately 25 species of this series. However, he only provided new combinations in Zapoteca for seven of them. The newly recognized genus Zapoteca was characterized by having pollen arranged in 16-grained polyads, thin and membranous (rarely coriaceous) leaflets and membranous to coriaceous pods, whereas the genus Calliandra has pollen in 8-grained polyads, chartaceous to coriaceous leaflets and rigid pods. Also, the basic chromosome number of Zapoteca is 13 (shared with the other members of Ingeae), while in Calliandra the basic chromosome number is 8 or 11 (Hernández 1986) . Hernández (1986) also discussed the possibility that two species of Calliandra ser. Macrophyllae Benth., C. amazonica Benth. and C. aculeata Spruce ex Benth., were misplaced in Calliandra, but was uncertain if they should be placed in Zapoteca. He pointed out that these two species and Zapoteca share the same polyad and inflorescence structures, but that the small number and larger size of the leaflets distinguishes them from all other species of Zapoteca. Therefore, Hernández (1986) considered further studies needed before any change in their taxonomic content or placement should be formally proposed.
A few years later Hernández (1989) presented a monograph of Zapoteca and provided new combinations in the genus for the remaining species of Calliandra ser. Laetevirentes, as well as those of ser. Macrophyllae mentioned above. By doing this, Hernández (1989) expanded Zapoteca to contain a total of 17 species and 11 subspecies (Table 1 Since the work by Hernández (1989) one additional subgenus, subg. Ravenia H.M.Hern., as well as five species and one subspecies have been described (Hernández 1990 (Hernández , 2015 Hernández and Campos 1994; Hernández and Hanan-Alipi 1998) (Table 1) . Furthermore, one additional species of Calliandra, C. socorrensis I.M.Johnst., has been transferred to Zapoteca and placed as a subspecies of Z. formosa (Kunth) H.M.Hern. (Levin and Moran 1989) . Thus, at present, Zapoteca consists of 21 species in five subgenera, with Z. formosa, Z. caracasana (Jacq.) H.M.Hern. and Z. portoricensis divided into eight, two and three subspecies, respectively (Table 1) . Zapoteca sousae H.M.Hern. & A.Campos has not yet been placed in any subgenus although Hernández and Campos (1994) emphasized the resemblance of this species to Z. portoricensis subsp. portoricensis, indication of a placement in subg. Zapoteca.
Previous phylogenetic studies of mimosoid legumes (Brown et al. 2008; Souza et al. 2013; Ferm et al. in prep.) have shown Zapoteca to be monophyletic. However, these studies included only a limited number of species of Zapoteca. DNA regions used in these studies were ETS and ITS (Brown et al. 2008 ), ITS and trnL-trnF (Souza et al. 2013) , and ETS, ITS, psbA-trnH and trnL-trnF (Ferm et al. in prep.) . Therefore, an analysis including a higher number of sampled species and subspecies of Zapoteca was considered necessary in order to thoroughly investigate the monophyly of Zapoteca, and currently recognized subgenera, as well as other phylogenetic relationships within the genus.
In this study, I present a phylogenetic analysis of Zapoteca, based on nuclear and plastid DNA sequence data, as a first step in investigating the evolutionary history of the genus. I sampled from all subgenera of Zapoteca and also included eight species from other genera closely related to Zapoteca (Souza et al. 2013; Ferm et al. in prep.) , as well as the more distantly related, mimosoid species Senegalia senegal (L.) Britton and Vachellia farnesiana (L.) Wight & Arn. The study was carried out in order to (1) test the monophyly of Zapoteca; (2) test the monophyly of the subgenera in Zapoteca; and (3) evaluate phylogenetic relationships within Zapoteca.
Materials and methods

Taxon and DNA region sampling
This study is based on DNA sequence data from 20 species and 11 subspecies of Zapoteca (Table 1) , representing all presently recognized subgenera (Hernández 1989 (Hernández , 1990 . In order to test the monophyly of the genus, eight species from genera previously shown to be closely related to Zapoteca (Souza et al. 2013; Ferm et al. in prep.) were included in the analyses. In addition, Senegalia senegal and Vachellia farnesiana were included to represent more distantly related species (Kyalangalilwa et al. 2013) . When available, several specimens of the same taxon were included in order to test the coherence of species and subspecies of Zapoteca as currently circumscribed (Hernández 1986 (Hernández , 1989 (Hernández , 1990 (Hernández , 2015 Levin and Moran 1989; Hernández and Campos 1994; Hernández and Hanan-Alipi 1998) . Newly generated DNA sequences and previously published DNA sequence data (downloaded from GenBank) from a total of 58 specimens were included in the analyses. Voucher information and GenBank accession numbers are listed in Appendix.
The amplified DNA regions comprise the nuclear external transcribed spacer (ETS), the nuclear internal transcribed spacer (ITS) and the plastid region trnL-trnF (including the trnL intron and the trnL-trnF spacer). These regions have previously been used in phylogenetic studies of genera closely related to Zapoteca (including also species of Zapoteca) where they show a high number of variable sites (Brown et al. 2008; Souza et al. 2013; Ferm et al. in prep.) .
DNA extraction, amplification and sequencing
Total DNA was extracted from leaf material obtained from the herbaria at New York Botanical Garden (NY), the Swedish Museum of Natural History (S), Missouri Botanical Garden (MO) and the National Herbarium of Mexico (MEXU) following the protocol listed in Ferm et al. (in prep.) . One additional DNA sample was obtained from Centro de Investigación Cientifica de Yucatán (CICY).
PCRs included 1.5 μl 10× Dream taq buffer with 20 μM MgCl 2 , 0.3 μl MgCl 2 (25 μM), 0.75 μl DNTP (10 μM each), 0.15 μl of each primer (20 μM), 0.15 μl BSA 1%, and 0.075 μl Dream Taq DNA polymerase (5 U/μl) with 1 μl DNA template and 10.925 μl sterilized H 2 O giving a total volume of 15 μl. ETS was amplified using the primers AcR2 (Ariati Table 1 Subgenera, species and subspecies of Zapoteca according to Hernandez (1989 Hernandez ( , 1990 Hernandez ( , 2015 , Levin and Moran (1989) , Hernández and Campos (1994) and Hernández and Hanan-Alipi (1998) Species and subspecies included in this study are given in bold type a Hernández (1986) The primers used are listed in Table 2 . PCRs were run on an Applied Biosystems Veriti™ 96-Well Thermal Cycler. Amplifications were carried out as follows: 3-min initial denaturation at 95 °C followed by 35 cycles of 30-s denaturation at 95 °C, 1-min annealing at 55 °C and 1-min extension at 72 °C, and completed by a final extension of 7 min at 72 °C.
The products were purified using Illustra ExoProStar 1-Step (GE Healthcare, Little Chalfont, UK) following the instructions from the manufacturer and sent to Macrogen Europe in Amsterdam, the Netherlands, for sequencing. The same primers were used for sequencing as for PCR (Fig. 1 ).
Multiple sequence alignment and phylogenetic analyses
Complementary strands of the sequences were assembled and edited using Geneious v.10.1.2 (https ://www.genei ous. com, Kearse et al. 2012) . For each region, multiple alignments of the sequences were performed using MUSCLE (Edgar 2004) , and corrected by eye, in AliView v.1.19-beta-3 (Larsson 2014) .
Before analysis, the best-fitting nucleotide substitution models for each of the data sets were determined using MrAic v.1.4.6 (Nylander 2004) . The GTR-I-G model was selected for ETS and the GTR-G model was selected for ITS and trnL-trnF. Bayesian inference analyses were performed for each data set using MrBayes v.3.2.6 (Ronquist et al. 2011). Two parallel MCMC chains were run for 1 million generations with a sampling frequency of 1000. The average standard deviation of split frequencies was below 0.01 at the end of each of the runs, indicating that the Markov chains had converged on the stationary distribution. Ten percent of the sampled trees were discarded as burn-in after evaluation of the output parameters generated by the Bayesian analysis in Tracer v.1.6 (Rambaut et al. 2014) . Majority-rule 50% consensus trees were calculated based on the remaining trees and inspected in FigTree v.1.4.3 (Rambaut 2006) .
The trees were rooted using Vachellia farnesiana, a species phylogenetically distant from the members of Zapoteca (Kyalangalilwa et al. 2013) . I consider nodes with a posterior probability (PP) of ≥ 0.95 as strongly supported. The resulting topologies from each of the single-region data sets were compared manually to detect potential conflicting topologies. No incongruences were discovered and the data sets of the individual regions were therefore concatenated using Abioscripts (Larsson 2010) . The combined data set was analyzed using the same methods and settings as the single-region data sets. Newly obtained sequences were deposited in GenBank (Appendix). The aligned data sets and the phylogenetic trees are available in TreeBase (http://purl.org/phylo /treeb ase/phylo ws/study /TB2:S2343 2).
Results
Characteristics of each DNA sequence region are summarized in Table 3 The results of the three separate analyses of the singleregion data sets show that Zapoteca is strongly supported as monophyletic (PP 1 in all analyses) and that Z. nervosa Trees from the separate analyses are available in Treebase (http://purl.org/phylo /treeb ase/phylo ws/study /TB2:S2343 2). The 50% majority-rule consensus tree derived from the Bayesian analysis of the combined data set (ETS, ITS and trnL-trnF) is presented in Fig. 2 . The results show that Zapoteca is monophyletic (PP 1). The monospecific subg. Nervosa (Table 1) is sister to all the remaining species of Zapoteca (PP 1). The other monospecific subgenus, subg. Aculeata (Table 1) , is also found as a separate lineage (PP 1/PP 0.99). In contrast, none of the subgenera containing more than one species, namely subg. Zapoteca, subg. Amazonica and subg. Ravenia (Table 1) , are supported as being monophyletic in this study. Furthermore, many nodes within Zapoteca are strongly supported, but relationships at species and subspecies levels are for the most part not strongly supported.
The results show that the two specimens of Zapoteca nervosa form a clade (PP 1), which is sister to a clade containing the remaining species of Zapoteca (PP 1). Within the latter clade, three monophyletic groups including more than one species or subspecies are found. These are referred to as clades I-III (Fig. 2) .
Clade I (PP 1) is sister to a clade consisting of Z. aculeata (Spruce ex Benth.) H.M.Hern and Z. amazonica, plus clades II and III (PP 1). Clade I includes Zapoteca filipes (Benth.) H.M.Hern. and Z. scutellifera (Benth.) H.M.Hern. However, Zapoteca filipes A is sister to Z. scutellifera (PP 0.89), and they are together sister to Zapoteca filipes B (PP 1). Fig. 1 a- Finally, all specimens of Z. formosa are found in clade III, but this species is not shown to be monophyletic since subspp. of Z. formosa are intermixed with other taxa in clade III. Subspecies Z. formosa subsp. schotti (PP 1) and subsp. gracilis (PP 1) are the only subspecies of Z. formosa shown to be monophyletic.
Discussion
In this study, both the separate analyses of each DNA region (trees not presented) and the combined analysis (ETS, ITS and trnL-trnF) (Fig. 2) show that Zapoteca is strongly supported as monophyletic. These results are in accordance with previous work based on much fewer taxa (Brown et al. 2008; Souza et al. 2013; Ferm et al. in prep.) . The results of the combined analysis (Fig. 2) are discussed below.
Monophyly of subgenera of Zapoteca
The monospecific subgenera, subg. Nervosa (containing Z. nervosa) and subg. Aculeata (containing Z. aculeata), are recovered as early diverging and distinct lineages within Zapoteca, whereas subg. Amazonica, represented by two species, is shown to be non-monophyletic (Fig. 2) . One of the species of subg. Amazonica, Z. amazonica, is found as sister to clades II and III, whereas the other one, Zapoteca quichoi, is found to clade III (Fig. 2) . The third, and in this study missing, member of subg. Amazonica, Z. microcephala (Britton & Killip) H.M.Hern., is a rare and seldom collected species (Tropicos.org 2018) , but must be included in any future analysis in order to further test the status of subg. Amazonica. Subgenus Ravenia is shown to be non-monophyletic. The two species included in subg. Ravenia, Z. ravenii and Z. tehuana (Hernández 1990) , are both found in clade III, but not as sisters (Fig. 2) . The species placed in subg. Zapoteca (Hernández, 1989 (Hernández, , 2015 Levin and Moran 1989) are found in clades I, II and III, but since species of both subg. Amazonica and subg. Ravenia also are found in clade III, subg. Zapoteca is nonmonophyletic (Fig. 2) . As a consequence of the results in this study, a new subgeneric classification for the taxa in subg. Zapoteca, subg. Ravenia and subg. Amazonica is necessary, but further studies of both molecular and morphological data are needed before any taxonomic changes should be formally proposed.
Phylogenetic relationships within Zapoteca
The results of this study show that Zapoteca nervosa is the strongly supported sister to a group consisting of all the other species of Zapoteca (Fig. 2) . This species is endemic to Hispaniola and was placed in subg. Nervosa as its only species by Hernández (1989) . Zapoteca nervosa is distinguished from the other species of Zapoteca in having fissured bark and large, gray, coriaceous leaflets with a venation pattern not seen in any other member of the genus. Hernández (1989) suggested that Z. nervosa had diverged early from the other members of Zapoteca particularly evidenced by the absence of a lens-shaped structure in the central cells of the 16-celled pollen polyads (present in all other members of Zapoteca) (Guinet and Hernández 1989) . The position of Z. nervosa as sister to all remaining species of Zapoteca, as shown in this study (Fig. 2) , supports this idea of a long separate history of this species and seemingly merits the placement of Z. nervosa in a separate subgenus (Hernández 1989 (Källersjö and Ståhl 2003; Ståhl 2010) , and similar patterns in other neotropical groups should be expected. Nevertheless, Z. nervosa has a combination of characters typical for Zapoteca (polyad structure of pollen and fruit type, as well as overall inflorescence structure) and it seems for now best treated in Zapoteca. Clade I is strongly supported as monophyletic and as sister to Z. aculeata + Z. amazonica and clades II and III (Fig. 2) . Clade I contains two terminals of Z. filipes and one of Z. scutellifera, but Z. filipes is not shown to be monophyletic since Zapoteca filipes A is the sister to Z. scutellifera, although this node is not strongly supported (Fig. 2) . Both species were placed in subg. Zapoteca by Hernández (1989) . Extrafloral glands are only found in these two species and in Z. nervosa (and occasionally in Z. lambertiana) . Zapoteca filipes is distinguished by having cylindrical glands between the pinnae and the leaflets placed close to the base of the petioles and Z. scutellifera is distinguished by having scutelliform glands between the pinnae close to the base of the petioles and sometimes also between the distal pairs of leaflets (Hernández 1989) . The position of clade I as the closest diverging lineage to Z. nervosa could indicate that the occurrence of extrafloral glands is a primitive character in Zapoteca. Both Z. filipes and Z. scutellifera are distributed in Amazonian Brazil, with seemingly overlapping distributions; Z. scutellifera also occurs in Bolivia. The results in this study indicate that Z. filipes and Z. scutellifera are closely related, but the relationship between them remains unresolved (Fig. 2) . Additional material of both species is needed in order to further investigate the phylogenetic relationship of these two species. A new subgenus is possibly needed to accommodate the species of clade I in order to retain subg. Zapoteca (with some adjustments), subg. Aculeata and subg. Amazonica. One possibility is to assign clade II and III to subg. Zapoteca and describe a new subgenus to accommodate clade I.
Zapoteca aculeata is strongly supported as sister to a clade consisting of Z. amazonica + clades II and III and as monophyletic based on two collections (Fig. 2) . The present results show that Z. aculeata diverged from the main line of descent earlier than Z. amazonica and the taxa found in clades II + III, i.e., the taxa placed in subg. Zapoteca (except for Z. filipes and Z. scutellifera of clade I), subg. Amazonica and subg. Ravenia (Table 1) (Hernán-dez 1989 (Hernán-dez , 1990 (Hernán-dez , 2015 Hernández and Hanan-Alipi 1998; Levin and Moran 1989) , and thus support a placement of this species in a separate monospecific subgenus, subg. Aculeata (Hernández 1989) . Zapoteca aculeata is distinguished from the other species of Zapoteca by having spinescent stipules. It is distributed in the Ecuadorian Andes (Hernández 1989 ) and appears to be the species of Zapoteca growing at the highest elevations (up to 2800 m according to Tropicos.org 2018) .
The results of this study show Zapoteca amazonica strongly supported as sister to clades II + III (Fig. 2) . Hernández (1989) placed Zapoteca amazonica in subg. Amazonica together with Z. microcephala (not included in this study). He considered these two species to represent a distinct evolutionary line within Zapoteca since they were distinguished from all other species of Zapoteca by having one pair of pinnae with few, large, chartaceous to coriaceous leaflets and flower heads arranged in long, simple or compound pseudopanicles. Whereas Z. amazonica is known from Amazonian Peru and adjacent Ecuador, Z. microcephala is confined to the Magdalena valley in central Colombia. The position of Z. amazonica in this study indicates that this species diverged from the main line of descent earlier than the species found in clade II + III, thus agreeing with the view of Hernández (1989) that Z. amazonica (and Z. microcephala) separated early from the other species of Zapoteca. Whether or not Z. microcephala is the closest relative to Z. amazonica is yet to be tested. One additional species, Z. quichoi, endemic to southern Tabasco in Mexico, was included in subg. Amazonica by Hernández and Hanan-Alipi (1998) . They considered Z. quichoi to be more closely related to the species of subg. Amazonica than to the other Mexican species of Zapoteca, based on morphological features such as leaves with one pair of pinnae with few, large leaflets and inflorescence characters. However, based on the results in this study Z. amazonica and Z. quichoi are not closely related and Z. quichoi is shown to be more closely related to the taxa in subclade X (Fig. 2) . Since the relationships within subclade X are for the most part poorly resolved, the phylogenetic position of Z. quichoi needs further study. Also, the inclusion of Z. microcephala is needed in order to confirm that Z. quichoi is not closely related to any species of subg.
Amazonica.
Clade II, including the two subspecies of Zapoteca caracasana, is strongly supported as sister to clade III and shown to be monophyletic (Fig. 2) . Furthermore, Z. caracasana subsp. weberbaueri (Harms.) H.M.Hern. is strongly supported as monophyletic based on two specimens, and as sister to subsp. caracasana.
Phylogenetic relationships within clade III
Clade III is strongly supported as monophyletic (Fig. 2) and contains most of the species of Zapoteca included in this study. Relationships within this clade are generally poorly resolved, but there are some strongly supported nodes.
In subclade X, Zapoteca formosa subsp. gracilis and Z. portoricensis subsp. portoricensis are both shown to be strongly supported as monophyletic, and moderately supported as sisters (Fig. 2) . According to Hernández (1989) collections of Z. formosa subsp. gracilis from the Bahamas can be confused with Z. portoricensis subsp. portoricensis, but can be distinguished from the latter in having smaller and narrower stipules and thicker leaflets. Two of the collections of Z. formosa subsp. gracilis (A + C) in this study are from the Bahamas, the third (B) was collected in Cuba, whereas the two specimens of Z. portoricensis subsp. portoricensis were collected in Hispaniola. The placement of the three collections of Z. formosa subsp. gracilis confirms that they represent the same taxon (Fig. 2) . The positions of Z. formosa subsp. gracilis and Z. portoricensis subsp. portoricensis, although only moderately supported, suggest a relationship between these two taxa (Fig. 2) . It is possible that Z. formosa subsp. gracilis should be treated at the specific level and not as a subspecies, especially since Z. formosa is shown to be non-monophyletic. Zapoteca portoricensis is also shown to be non-monophyletic in this study and Z. portoricensis subsp. pubicarpa should possibly be treated at the specific level or at least not as a subspecies of Z. portoricensis. In any case, the status of the subspecific classifications of Z. formosa and Z. portoricensis needs to be investigated further. Also, studies including more samples of both Z. formosa subsp. gracilis and Z. portoricensis subsp. portoricensis from more localities are needed in order to investigate their relationship further.
Zapoteca formosa subsp. rosei and Z. formosa subsp. socorrensis, found in subclade Y, are strongly supported as sister taxa (Fig. 2) . They together are in turn strongly supported as sister to a group consisting of the remaining taxa in subclade Y. Zapoteca formosa subsp. rosei is a Mexican taxon known from Baja California and distributed south along the pacific slope while Zapoteca formosa subsp. socorrensis is known only from Socorro and Clarión islands, off the west Mexican coast. Hernández (1989) included the island populations in subspecies Z. formosa subsp. rosei. Levin and Moran (1989) considered the island populations to be morphologically distinct and recognized Z. formosa subsp. socorrensis, an endemic to the Socorro and Clarión islands. However, they considered these two subspecies to be closely related because of similarity in morphology. One morphological trait distinguishing the two subspecies from each other is filament color, which in subsp. socorrensis is white while it is bicolored (white basally and pink, purple or red distally) in subsp. rosei. Furthermore, subsp. socorrensis has diurnal flowers, otherwise unknown in Zapoteca, but this feature has only been observed in cultivation (Levin and Moran 1989) . The results of this study confirm that these subspecies are more closely related to each other than to any other species of Zapoteca (Fig. 2) . Whether the collections included represent distinct taxa or variations of the same taxon, and if they should be treated at subspecific or specific level, is yet to be tested with more samples from both subsp. rosei and subsp. socorrensis.
The two specimens of Z. tehuana included in this study are found in a position outside subclades X and Y, and the species is strongly supported as monophyletic (Fig. 2) . Zapoteca tehuana was originally placed in subg. Zapoteca by Hernández (1989) , but when Z. ravenii was discovered he (Hernández 1990 ) considered these two species to be more closely related to each other than to the other species of subg. Zapoteca. This conclusion was based on similarities in the leaf morphology, including venation and texture, and Hernández (1990) established a new subgenus, subg. Ravenia, to accommodate the two species. In contradiction to this, based on the results of this study, Z. tehuana and Z. ravenii are not closely related. Instead, Z. ravenii is a strongly supported as sister to Z. cruzii (Fig. 2) .
Zapoteca ravenii is known from montane rain forest in northern Mexico and from the Cayo District in Belize, occurring at altitudes of 400-900 m (Hernández 1990 ). By contrast, Zapoteca cruzii has a limited distribution in northeastern Guerrero (southwestern Mexico), where it grows in tropical deciduous forest at around 1000 m altitude (Hernández 2015) . Furthermore, Z. cruzii has a scandent habit and the ability to produce adventitious roots, an attribute not known in any other taxon of Zapoteca, and these are traits which also clearly distinguish them from Z. ravenii. According to the results in this study, these two species are closely related, but further phylogenetic studies should include collections from Belize and additional morphological studies would be instructive.
Zapoteca formosa B and Z. sousae are strongly supported sisters found in clade III (Fig. 2) . Zapoteca sousae was described by Hernández and Campos (1994) , but its subgeneric placement has not been addressed. Zapoteca sousae is distinguished from other taxa of Zapoteca by its foliaceous stipules with tawny hairs and calyces with uneven teeth. It is known from two widely separated localities in two Mexican states, Oaxaca and Colima. Further phylogenetic and morphological studies of Zapoteca are needed before any subgeneric placement of Z. sousae can be made. It would also be interesting to test the monophyly of Z. sousae by including collections from both known localities. Furthermore, its relationship to Z. formosa in its broad circumscription also needs further study.
The non-monophyletic species Zapoteca formosa
All subspecies of Zapoteca formosa are found in clade III, but they are not found grouped together, thus rendering this species non-monophyletic. Zapoteca formosa is distributed throughout the Neotropics, with a northern extension to Arizona, USA, occurring from sea level up to 2000 m altitude (Tropicos.org 2018) . Zapoteca formosa is recognized as an erect shrub up to 5 m tall with leaves lacking extrafloral nectaries and stamens that are white, greenish white, red-purple or bicolored (with filaments that are white basally and pink or red-purple distally) (Hernández 1989 ). The species is divided into eight subspecies (Hernández 1989 (Hernández , 2015 Levin and Moran 1989) , and all except one (Zapoteca formosa subsp. sinaloana H.M.Hern.) are represented in this study. The subspecies are distinguished morphologically primarily based on a variation in leaf and floral characters, but intermediate forms are known (Hernández 1989) . The results of this study clearly indicate that the subspecific classification of Z. formosa should be revised given that the subspecies of Z. formosa occur intermixed with other taxa in clade III. Since many nodes in clade III are poorly supported (Fig. 2) , it is impossible to fully evaluate the monophyletic status of Z. formosa without more extensive phylogenetic analyses.
The non-monophyletic species in clade III
In clade III, several species are shown to be non-monophyletic. Two collections of Zapoteca tetragona are found in subclade X, but the species is not supported as monophyletic (Fig. 2) .
Zapoteca portoricensis is shown to be non-monophyletic, subsp. portoricensis being found in subclade X and subsp. pubicarpa in a position outside subclade X (Fig. 2) . Since subsp. portoricensis (discussed above) and subsp. pubicarpa are not closely related, these two taxa might not even represent the same species. The third subspecies of Z. portoricensis, subsp. flavida (Urb.) H.M.Hern., needs to be included in any future phylogenetic analyses in order to test the monophyly of Z. portoricensis further. Two collections of Zapoteca alinae are found in subclade Y and one collection is found outside of that subclade (Fig. 2) , rendering this species non-monophyletic. All three specimens of Z. lambertiana included in this study are found in subclade Y, but they are not found clustered together. No conclusions can be drawn about the monophyly of Z. lambertiana since none of the three specimens are found in strongly supported positions; thus, more studies are needed in order to investigate this species further. Hernández (1989) concluded that intermediate forms exist for many taxa in subg. Zapoteca but that hybrids are rare in the genus, although they do occasionally occur. Possible hybrids mentioned by him are between Z. tetragona and Z. portoricensis subsp. portoricensis, between Z. media and Z. formosa and between Z. formosa subsp. formosa and subsp. rosei, but we cannot rule out the possibility of hybridization between other taxa of Zapoteca. The occurrence of naturally occurring hybrids could partly explain the non-monophyletic status of some taxa in this study. Another possible explanation is the misidentification of some specimens, both in herbaria and in the field, especially because diagnostic characters do not always exist.
Conclusions
Zapoteca is a well-defined genus based on morphological characters (Hernández 1986 (Hernández , 1989 ) and its monophyly is strongly supported in this study based on DNA sequence data (Fig. 2) . However, the results of this study show that the classification of subgeneric taxa within Zapoteca needs to be revised and the monophyly of species and subspecies, as well as phylogenetic relationships between taxa, needs further study before any well-supported taxonomic rearrangements can be proposed, including the correct subgeneric placement of Z. sousae. 
